who are most vulnerable, especially those with lower levels of cognitive function and physical function and higher levels of psychological distress and social isolation [4, 5] . Furthermore, evidence suggests that elder abuse may be associated with cardiovascular-related mortality [4] . However, our current understanding of elder abuse comes almost exclusively from survey research methods and our translational understanding of physiological abnormalities associated with elder abuse in the general population remains limited. This knowledge is critical to understanding multi-level associations and potential mechanisms between elder abuse and its adverse health and physiological outcomes.
Metabolic syndrome is described as a disorder in energy utilization and storage diagnosed by co-occurrences of specific medical conditions and physiological parameters. Metabolic syndrome increases the risk of developing cardiovascular disease and is associated with significant morbidity and mortality [6] [7] [8] . However, there are variations in the definitions of metabolic syndromes, including, but not limited to, those of the World Health Organization (WHO), American Heart Association (AHA) and International Diabetes Federation (IDF) [9] [10] [11] . To our knowledge, we are not aware of any epidemiological study that has examined the associations between elder abuse and metabolic syndrome in community-dwelling populations. Improved understanding of these relationships could help to inform research, practice and policy at the national level.
In this report, we examine the association between elder abuse and different definitions of metabolic syndromes using WHO, AHA and IDF criteria, within the context of a population-based cohort study. Especially, prior literature suggests that elder abuse and metabolic syndromes have many shared risk factors in community populations. In this article, we hypothesize that elder abuse is independently associated with an increased risk for metabolic syndromes after controlling for potential confounding factors.
Methods

Design and Participants
The study population consisted of participants in the Chicago Health and Aging Project (CHAP) [12, 13] . Briefly, the study enrolled residents aged 65 years and older in four adjacent neighborhoods in Chicago. Data collection included an in-person interview conducted in participants' homes, with standardized questionnaires and anthropometric measurements. Blood was collected inhome and sent to Quest laboratory for cholesterol level testing. Written informed consent was obtained and the study was approved by the Institutional Review Board.
Elder Abuse
Reports of elder abuse to social services agencies came from a variety of sources. The definition of abuse included physical abuse, sexual abuse, psychological abuse, neglect (caregiver and self-neglect) and financial exploitation [14] . Physical abuse is defined as inflicting physical pain or injury upon an older adult. Sexual abuse is touching, fondling, intercourse, or any other sexual activity with an older adult, when the older adult is unable to understand, unwilling to consent, threatened or physically forced. Psychological abuse involves verbal assaults, threat of abuse, harassment or intimidation. Caregiver neglect is a caregiver's failure to provide an older adult with life's necessities, including, but not limited to, food, clothing, shelter or medical care. Self-neglect is assessed by the domains of personal hygiene and grooming, household and environmental hazards, health needs and overall home safety concerns. Financial exploitation includes the misuse or withholding of an older adult's resources by another, to the disadvantage of the elderly person or to the profit or advantage of someone else. This resulted in a total of 676 older CHAP participants who had some form of elder abuse reported at APS.
Assessment of Metabolic Syndromes
In order to fully delineate the relationship between elder abuse and metabolic syndromes, we use three different definitions according to criteria by the WHO, AHA and IDF. Cholesterol level testing included total cholesterol (mg/dl), low-density lipoprotein (LDL; mg/dl), high-density lipoprotein (HDL; mg/dl), low levels of HDL (<50 in women and <40 in men) and triglyceride (mg/dl). Blood pressure was ascertained by trained research assistants using standard techniques at participants' homes to measure both systolic blood pressure (SBP) and diastolic blood pressure (DBP) in a sitting position. Medical histories, including diabetes mellitus, were self-reported by participants. Body mass index (BMI) was measured using weight (kg) divided by height (meter) squared. Medication was recorded from participants' homes and categorized by two separate clinicians into specific classes of indications.
According to the WHO, metabolic syndrome is defined as a history of diabetes mellitus and two of the following: (a) SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg; (b) triglyceride ≥ 150 mg/dl and HDL <50 mg/dl in women or HDL <40 mg/dl in men or (c) BMI >30. According to the AHA, metabolic syndrome is defined as three of the following: (a) BMI >30; (b) triglyceride ≥ 150 mg/dl; (c) HDL <50 mg/dl in women or HDL <40 mg/dl in men; (d) SBP ≥ 130 mm Hg or DBP ≥ 85 mm Hg or on any antihypertensive medications or (e) history of diabetes mellitus. According to the IDF, metabolic syndrome is defined as having a BMI >30 and two of the following: (a) triglyceride >150 mg/dl or taking either fenofibrate or gemfibrozil specifically for increased triglyceride levels; (b) low HDL (<50 mg/ dl in women and <40 mg/dl in men) or taking any statins for high cholesterol; (c) SBP >130 mm Hg or DBP >85 mm Hg or on any antihypertensive medications or (d) history of diabetes mellitus.
Other Relevant Factors
Demographic variables were assessed prior to the report of elder abuse and included age (in years), sex (male or female), race (self-reported: non-Hispanic black vs. non-Hispanic white) and Elder Abuse and Metabolic Syndromes Gerontology 2015;61:389-398 DOI: 10.1159/000368577 391 income categories (1 = 0-4,999 USD; 2 = 5,000-9,999 USD; 3 = 10,000-14,999 USD; 4 = 15,000-19,999 USD; 5 = 20,000-24,999 USD; 6 = 25,000-29,999 USD; 7 = 30,000-34,999 USD; 8 = 35,000-49,999 USD; 9 = 50,000-74,999 USD and 10 = 75,000 USD and over). Self-reported medical conditions included a number of common conditions: hypertension, diabetes mellitus, stroke, coronary artery disease, hip fracture and cancer. Cigarette smoking (ever smoked) and alcohol use (more than 12 drinks in the last 12 months) were assessed based on a series of questions derived from the Established Populations for Epidemiological Studies of the Elderly (EPESE) project [15] .
Cognitive and physical function has been associated with increased risk for elder abuse [16, 17] . Cognitive assessments in the CHAP included the Mini-Mental State Examination [18] , the East Boston Memory Test [19] and the Symbol Digit Modalities Test [20] . In order to minimize floor and ceiling effects, a z-scored global cognitive function measure was constructed to examine overall cognitive function. Physical function was assessed by direct performance testing, which provides a more objective and detailed assessment of certain abilities (range 0-15) [21] than self-report. It assesses walking speed, tandem stand ability and repeated chair stand ability. Associations between measures of reported disability and physical performance tests are usually strong [22] .
Psychosocial factors included assessment of depressive symptoms and social network. Symptoms of depression were measured using a modified version [23] of the Center for Epidemiologic Studies of Depression Scale (CES-D) [24] . Social network was summarized as the total number of children, relatives and friends seen at least monthly [15] . Social engagement refers to the frequency of activities older adults participate in outside of their house, such as church activities, arts and leisure activities and community activities.
Analytic Approach
Descriptive analyses were conducted by elder abuse status across all variables for metabolic syndromes using WHO, AHA and IDF criteria: diabetes mellitus, SBP, DBP, triglyceride, HDL and BMI. The prevalence of metabolic syndromes was calculated and presented by age groups and gender. Bivariate analyses were conducted to compare elder abuse and metabolic syndrome using χ 2 with corresponding degree of freedom and p values. Then, we calculated the prevalence of metabolic syndromes for elder abuse status across age groups and gender. Moreover, we used logistic regression models to examine the association between elder abuse and metabolic syndrome definitions and specific items adjusting for age and sex.
Furthermore, we considered a series of logistic regression models to examine potential independent associations between elder abuse and metabolic syndromes. In model A, we considered sociodemographic and socioeconomic factors. In model B, we added to the prior model by including health-related factors of medical comorbidities, comprehensive measures of global cognitive function and directly observed physical performance testing. In model C, we added psychological and social variables of depressive symptoms, social network and social engagement. In model D, we added the health behavior factors of smoking and alcohol consumption to the prior model.
Lastly, we considered interaction term analyses for all the above factors with respect to the relationship between elder abuse and different metabolic syndromes. Interaction terms (e.g. elder abuse × age, elder abuse × sex, elder abuse × depressive symptoms, etc.) considered all potential factors of age, sex, race, education, income, medical conditions, global cognitive function, directly observed physical performance testing, depressive symptoms, social networks, social engagement, smoking and alcohol use. Parameter estimates (PE), standard errors (SE), odds ratios (OR), 95% confidence intervals (CI) and corresponding p values were reported for the regression analyses. All analyses were carried out using SAS ® , version 9 (SAS Institute Inc., Cary, N.C., USA) [25] .
Results
Elder Abuse and Metabolic Syndromes
In the descriptive analyses ( table 1 ) , compared with those study participants without elder abuse, those with elder abuse reported to APS had a greater proportion of metabolic syndromes across all three criteria. According to WHO criteria, the prevalence of metabolic syndrome was 22.4% for those with elder abuse and 10.7% for those without elder abuse. According to AHA criteria, the prevalence of metabolic syndrome was 50.7% for those with elder abuse and 40.0% for those without elder abuse. According to IDF criteria, the prevalence of metabolic syndrome was 47.7% for those with elder abuse and 33.5% for those without elder abuse.
Prevalence of Metabolic Syndromes by Age, Sex and BMI
The prevalence of metabolic syndrome varied greatly by age and sex, especially among the younger age groups ( table 2 ) . For example, among women 65-70 years of age, the prevalence of metabolic syndrome per WHO criteria was 53.9% for those with elder abuse and 13.2% for those without elder abuse. Among men 65-70 years of age, the prevalence of metabolic syndrome was 42.9% for those with elder abuse and 17.2% for those without elder abuse. Similar trends were found using other metabolic syndrome definitions. Interestingly, prevalence differences in metabolic syndrome among younger age groups were significantly higher for elder abuse victims according to all three criteria. Table 3 examines specific criteria items from the metabolic syndrome definitions. Our data indicate that those with elder abuse were more likely to have metabolic syndromes after adjusting for age and sex. According to WHO criteria items, those with elder abuse were more likely to have a history of diabetes mellitus (PE, 0.40; SE, 
Specific Criteria Items of Metabolic Syndrome Definitions
Interaction Term Analyses
In table 5 , we conducted interaction term analyses (elder abuse × sociodemographic factors) to examine potential moderating influences on metabolic syndromes. Although there were varying degrees of associations in the interaction terms with respect to the three metabolic syndrome definitions, age (WHO: PE, -0.06; SE, 0.02; p < 0.005), sex (IDF: PE, -0.51; SE, 0.22; p < 0.05) and race (WHO: PE, -1.13; SE, 0.43; p < 0.05) could be potential moderating factors in the association between elder abuse and different definitions of metabolic syndromes; especially, there is a strong association among younger age groups, female gender and non-Hispanic white older adults. However, interaction term analyses suggest that health-related factors and psychosocial factors do not moderate the relationship between elder abuse and meta- bolic syndromes. Lastly, we examined all of the above associations between confirmed elder abuse and metabolic syndromes and the results were all similar.
Discussion
In this population-based study of 4,586 adults aged 65 and older, we found that elder abuse was associated with an increased risk for metabolic syndromes regardless of the metabolic syndrome criteria used (WHO, AHA or IDF). In addition, younger older adults who had experienced elder abuse had a greater risk for metabolic syndrome. However, health-related and psychosocial factors did not seem to moderate the relationships between elder abuse and metabolic syndromes.
To our knowledge, this is the first study that has examined the association between elder abuse and metabolic syndromes, adding to the dearth of existing literature on violence and metabolic syndromes. Our study findings extend prior literature on metabolic consequences associated with child abuse and domestic violence. In a study by Midei et al. [26] using 342 participants from the Pittsburg site of the Study of Women's Health Across the Nation (SWAN), history of child abuse was associated with metabolic syndromes after controlling for age, race and menopausal status. Our findings are in contrast to those published by D'Ambrosio et al. [27] who found no statistically significant association between violence and metabolic syndromes among 220 patients with bipolar disorder. A review article by Kendall-Tackett [28] postulated that the relationships among inflammation, cardiovascular disease and metabolic syndrome were consequences of domestic violence, while depression, hostility and sleep disturbance were hypothesized as moderating factors leading to adverse health outcomes.
Our study further advances the prior literature by examining the association between elder abuse and metabolic syndromes in a representative community population of older adults within the context of a populationbased cohort study. First, we found that the prevalence of metabolic syndromes was higher among elder abuse victims, especially those who were younger elders, female and had a higher BMI. Second, we found that elder abuse was independently associated with an increased risk for metabolic syndromes regardless of the WHO, AHA or IDF criteria used, even after controlling for a comprehensive list of potential confounding factors. Third, we found that the association between elder abuse and metabolic syndromes may be moderated by sociodemographic characteristics, but not by health-related or psychosocial factors.
The temporal relations between elder abuse and metabolic syndromes need further investigation. We considered a series of potential confounders (socioeconomic characteristics, health habits, medical comorbidities, cognitive function, physical function and psychological and social wellbeing), but adjustments for these factors did not ameliorate the relationship between elder abuse and metabolic syndromes. Although prior research suggests that psychological distress influences both elder abuse and metabolic syndromes, our analyses suggest that psychological distress did not play a significant role in the relationship between elder abuse and metabolic syndromes. In addition, we found that participants with a younger age, women and those with a higher BMI were significantly more likely to have metabolic syndromes. It is possible that younger older adults and women experience a more severe form of elder abuse, thus exacerbating the relationship between elder abuse and metabolic syndromes. Future longitudinal studies are needed to explore these issues. It is also conceivable that those with elder abuse have other abnormalities in physiological or inflammatory biomarkers (IL-6, CRP, TNF-α, etc.) that may mediate the relationships between elder abuse and metabolic syndromes. However, we do not have data on these measures and future studies are needed to elucidate the temporal relationships.
Our study also has a number of limitations that warrant consideration. First, elder abuse was identified by the social services agency and there is likely some degree of underreporting. Additional studies are needed that uniformly collect elder abuse measures in representative populations in order to validate the associations found in this study. Second, we had few participants in some of the specific subtypes of elder abuse, which limited our ability to quantify these relations. Larger studies may be needed to systematically examine the relationship between subtypes of elder abuse and metabolic syndromes. Third, we could not delineate the effect of inflammatory biomarkers in the relationship between elder abuse and metabolic syndromes and how these biomarkers may change the relationship between elder abuse and metabolic syndromes over time. Fourth, we did not have detailed clinical measures of severity of cardiovascular disease (e.g. congestive heart failure severity, ejection fraction, electrocardiogram findings or other measures of subclinical cardiovascular disease), so further work is needed to clarify this important issue in representative populations.
Elder Abuse and Metabolic Syndromes This study has important practical implications. For health care professionals, screening for elder abuse should occur alongside consideration for cardiovascular disease and cardiometabolic conditions, especially among younger older adults, women and those with a higher BMI. At the same time, health professionals who care for patients with metabolic syndromes and other cardiovascular diseases should also consider asking older adults questions regarding family conflicts, elder abuse and home safety issues. It is important to understand not only the healthrelated contributing factors for cardiovascular disease, but also the social determinants that may contribute to metabolic syndromes.
Targeted education using cross-disciplinary and collaborative training strategies should be implemented to educate the public as well as social services and health care professionals on the implication of elder abuse on cardiovascular health. Given the recent literature highlighting the adverse health outcomes associated with elder abuse, it is important to consider broader social causes of morbidity and mortality through integrated curriculums. Although there is limited evidence yet on multidisciplinary team approaches to treat and prevent elder abuse, such approaches promise to greatly impact the field of elder abuse [29, 30] . Findings from this study could help inform federal partners dealing with issues of elder abuse in policies and programs, specifically regarding adverse health outcomes associated with elder abuse. For instance, the Administration on Aging/Administration on Community Living is implementing the Elder Justice Act, the first federal policy dealing with issues of elder abuse. Our findings could contribute to the appropriation of the bill, Elder Justice Coordinating Council activities and reauthorizations of the Elder Justice Act in 2014.
Conclusion
We conclude that elder abuse is associated with an increased risk for metabolic syndromes regardless of the definitional criteria. However, the potential causal mechanisms and temporal relations between specific subtypes of elder abuse and metabolic syndromes require longitudinal investigation. Future intervention studies should be devised to reduce the frequency and severity of elder abuse in order to reduce its associated morbidities in representative populations.
